Strontium titanate has resurfaced as a material prompting vigorous debate about the origin of its superconductivity in the extremely low carrier concentration regime. Here, we used simultaneous AC susceptibility and transport methods to explore the superconducting phase transition region in this material. We determined that strontium titanate is extremely sensitive to even small AC fields, which also influence the resistive transition; we suggest that extreme vortex sizes and mobilities contribute to this large effect. Our findings will be of importance for accurately determining transition temperature, informing the debate about the pairing mechanism in strontium titanate, for which even millikelvin errors may be critical.
measurement protocols have varied across investigations. Thus, vigilant attention should be paid when considering the superconducting transition temperature detected with electrical currents of different magnitudes flowing through the sample; different magnetic field amplitudes used in AC susceptibility measurements also merit attention.
In order to elucidate the extent to which these differences matter, we measured transport current and AC field dependence in a single crystal SrTi1-xNbxO3 sample, x=0.014 under varying amplitude of the AC field at 200 kHz. Here we report the field-amplitude dependence of this material, and partly review current dependence data that are available elsewhere (16) . The size of the reported sample was 5x2x0.5 mm 3 . We measured the resistance of this sample using a Lakeshore (Ohio, USA) 372 AC resistance bridge, which also served as the When we varied the field amplitude between 50 µG and 100 mG, our susceptibility and resistance data (Figure 1) revealed that the temperature range of the transition is strongly dependent on the AC magnetic field applied to the sample. The observed dependence is unusually strong compared to some other type-II superconductors (28) . For fields of 100 mG, the change in the apparent transition temperature was on the order of 10% (Figure 1 ), which is quite large, given that the reported enhancements of the critical temperatures are on tens of percent levels (13) (14) (15) (16) (17) . The changes in the apparent transition temperature are reflected in We previously reported (16) that curves of resistance versus temperature reveal a substantial contribution from current induced vortex or phase-slips dynamics (29) (30) (31) close to the transition. This result persists on a similar level regardless of whether the AC field is present.
One of the implications of our investigations is comparisons of published data may be complicated by differences in the excitation currents and the specific criteria used to define the critical temperature. We propose that a variety of normal resistance onsets be used, rather than a single criterion. As long as the excitation current density is known or, even better, constant between investigations, it is sensible to compare transition temperatures as defined using, for example, 2%, 10%, 50%, 90%, or 98% of the normal resistance criteria.
In summary, both transport and AC magnetic susceptibility are often used as basic tools for characterizing the superconducting transition in STO. While the applied excitations can be quite large for many other materials, extra care should be taken with extremely low superfluid density and relatively clean STO -implying very large vortices (26, 32) and weak vortex pinning.
We demonstrate that dynamic vortex effects are at play in STO, in line with the description of STO as an extreme type-II superconductor (26, 32) . While progress is being made in applying theory to better understand the phase transition signatures in STO (33), we still lack a comprehensive theoretical framework for these aspects of superconducting STO. Overall, the physics and experimental aspects discussed here should be relevant to the investigation of other unconventional (34, 35) low-concentration superconducting systems and materials.
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